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(54) DRIVE APPARATUS 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a drive apparatus capable of 
preventing simultaneous tuming-on of an FET independent of 
characteristics or kind of an element. 

SOLUTION: An FET drive apparatus 1 comprises a detecting part (CMP1, 
CMP2, E1, E2, OR2) which detects on/off state of body diodes BD1 and 
BD2 that accompany FET N1 and N2 connected in series across different 
two potentials. At the timing of detecting that the body diodes BD1 and 
BD2 are turned on, either the FET N1 or N2 is shifted to an on state. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

The driving gear characterized by to control the ON state of the field-effect transistor of said pair to 
become an output corresponding to said input signal after detecting that it will have respectively the 
detection section which detects ON/OFF state of the body diode which accompanies said field-effect 
transistor respectively in the driving gear which carries out switching control of the field-effect 
transistor of the pair by which the series connection was carried out among different 2 potentials as a 
switching device according to an input signal, and either of these body diodes would be in the ON state. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the driving gear which carries out switching control of the field-effect 
transistor (hereafter referred to as FET [Field Effect Transistor]) of the pair by which the series 
connection was carried out among different 2 potentials as a switching device. 
[0002] 

[Description of the Prior Art] 

It has FET of the pair by which series connection was carried out, and it changes among different 2 
potentials as a switching device for synchronous detection (between input potential and touch-down 
potential), and the coincidence ON prevention function of both FET is prepared in the FET driving gear 
which performs switching control of this FET in the synchronous-detection mold DC to DC converter 
which obtains desired output voltage from the connection node of both FET through an LC filter so that 
a penetration current may flow to both FET and it may be generated neither in destruction of a 
component, nor decline in conversion efficiency. 
[0003] 

In addition, what is necessary is to delay the timing to which one FET changes from an OFF state to an 
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ON state rather than the timing to which FET of another side changes from an ON state to an OFF 
state, to generate the coincidence "off" period of both FET, and just to consider as the configuration 
which switches ON/OFF state of both FET after this coincidence "off" period progress, in order to 
prevent coincidence ON of both FET. The conventional FET driving gear Therefore, **1 Formation of 
the delay circuit which consists of CR time constant circuit, two or more inverters, etc., **2 Slice level 
modification of the triangular wave used for gate voltage generation, **3 The gate armature-voltage 
control of another side based on the result of having carried out the monitor of one gate voltage, **4 By 
adopting the technique of the gate armature-voltage control (referring to U.S. Pat. No. 5757173 number) 
of another side based on the result of having carried out the monitor of an end-winding child electrical 
potential difference and the gate voltage by the side of [ FET ] a low side, it considered as the 
configuration which generates the coincidence "off" period of both FET. 
[0004] 

[Problem(s) to be Solved by the Invention] 

To be sure, if it is the FET driving gear which consists of the above-mentioned configuration, a certain 

extent can prevent coincidence ON of both FET. 

[0005] 

However, the above-mentioned configuration **1 **2 The adopted FET driving gear had the technical 
problem used as the candidate for a drive that optimal time setting had to be performed for every FET, 
in order to have prevented coincidence ON of both FET certainly, since it was the configuration of 
setting up predetermined coincidence OFF time amount beforehand, without carrying out the monitor of 
the ON/the OFF state of FET. since the component property and kind of dispersion has been 
independent of dispersion in IC into which the FET driving gear was built completely especially when [, 
such as at the time of application to a high current DC to DC converter etc., ] the candidate for a drive 
is external FET — the big margin to coincidence off time amount — not adding — it did not obtain but 
decline in conversion efficiency was caused. 
[0006] 

Moreover, the above-mentioned configuration **3 **4 Since the adopted FET driving gear was a 
configuration which detects ON/OFF state of FET based on gate voltage, although it was not taken into 
consideration at all about ON/OFF time delay (time amount after changing gate voltage until output 
voltage changes) of FET but was carrying out the monitor of the gate voltage, it had the technical 
problem that optimal time setting had to be performed for every FET after all. In addition, since the 
above-mentioned ON/OFF time delay varies greatly for every FET, generally let the spec, notation be 
only a type value (maximum) instead of a merit value. Therefore, even if it set up coincidence off time 
amount based on this spec, notation, also when decline in conversion efficiency was caused in fact, it 
was. For example, to the type value 200 [ns], when it was the merit value 30 [ns], coincidence OFF of 
both FET was vainly carried out between 170[ns] things. 
[0007] 

Furthermore, above-mentioned **4 The FET driving gear which adopted ****** functioned effectively, 
when the coil current which flows at the time of both FET coincidence OFF was the forward direction 
(from touch-down to an output terminal), but since the body diode incidental to the high side side FET 
would be in an ON state and an end-winding child electrical potential difference stuck near input voltage 
when it is the negative direction (from an output terminal to power-source Rhine), it had the technical 
problem that it did not function effectively. Therefore, it was inapplicable to the DC to DC converter 
which performs current supply for the loads (supply voltage adjustable [ IC ], DDR-SDRAM [Double 
Data Rate-Synchronous Dynamic Random Access Memory], etc.) of the specification which changes the 
direction of a coil current working. 
[0008] 

This invention aims at offering the driving gear which can prevent coincidence ON of FET certainly, 
without depending on the property and class of component in view of the above-mentioned trouble. 
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[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, the driving gear concerning this invention In the driving 
gear which carries out switching control of the field-effect transistor of the pair by which the series 
connection was carried out among different 2 potentials as a switching device according to an input 
signal It has respectively the detection section which detects ON/OFF state of the body diode which 
accompanies said field-effect transistor respectively. After detecting that either of these body diodes 
would be in the ON state, it is considering as the configuration which controls the ON state of the field- 
effect transistor of said pair to become an output corresponding to said input signal. 
[0010] 

[Embodiment of the Invention] 

Drawing 1 is the circuit diagram showing 1 operation gestalt of the synchronous detection mold DC to 
DC converter carrying the FET driving gear concerning this invention. As shown in this Fig. the 
synchronous detection mold DC to DC converter of this operation gestalt The N-channel metal oxide 
semiconductor field-effect transistors N1 and N2 of the pair by which the series connection was carried 
out among different 2 potentials as a switching device for synchronous detection (between input 
potential VIN and the touch-down potential GND) It is the circuit which has (it is hereafter referred to 
as FETN1 and N2), changes and obtains the desired output voltage VOUT from the connection node of 
FETN1 and N2 through an LC filter (a coil L1 and capacitor C1). 
[0011] 

The source of FETN1 is connected to power-source Rhine, and the drain of FETN2 is grounded. The 
drain of FETN1 and the source of FETN2 are connected mutually, and the connection node a is 
connected to the end of a coil L1. The other end of a coil L1 is grounded through the capacitor C1, 
while connecting with an output terminal. In addition, between the source drains of FETN1 and N2 (in 
fact between backgate drains), the body diodes BD1 and BD2 (it is hereafter called diodes BD1 and 
BD2) accompany in the direction of illustration. 
[0012] 

the FET driving gear 1 which performs switching control of FETN1 and N2 — both — it is the 
configuration of making FETN1 or N2 turning on to the timing which detected this ON state paying 
attention to either of the diodes BD1 and BD2 (it depending in the direction of a coil current) being in an 
ON state at the time of coincidence OFF of FETN1 and N2. 
[0013] 

Speaking concretely, the FET driving gear 1 of this operation gestalt having the SR flip-flops SR1 and 
SR2, comparators CMP1 and CMP2 (high speed comparator with which this operation gestalt has a 
hysteresis), direct current voltage supplies E1 and E2, inverters INV1 and INV2, a one shot multivibrator 
OSV1, and AND circuit AND 1 and OR circuits OR1, OR2, and OR3 of reset priority, and changing 
[0014] 

While connecting with the reset terminal (R) of a flip-flop SR 1 through an inverter INV1, direct 
continuation of the PWM input terminal with which the PWM [Pulse Width Modulation] signal for driving 
FETN1 and N2 is impressed is carried out also to one input terminal of AND circuit AND 1 and OR 
circuit OR 1, respectively. 
[0015] 

The other input terminals of AND circuit AND 1 are connected to the UVLO input terminal with which 
the UVLO [Under Voltage LockOut] signal for preventing malfunction at the time of a low battery is 
impressed. The output terminal of AND circuit AND 1 is connected to the input terminal of a one shot 
multivibrator OSV1. Moreover, the UVLO input terminal is connected to the other input terminals of OR 
circuit OR 1 through the inverter INV2. The output terminal of OR circuit OR 1 is connected to the 
reset terminal (R) of a flip-flop SR 2. 
[0016] 
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The non-inversed input terminal (+) of a comparator CMP 1 is connected to the connection node a, and 
the inversed input terminal (-) is connected to the positive-electrode terminal of direct current voltage 
supply E1. The negative-electrode terminal of direct current voltage supply E1 is connected to power- 
source Rhine. In addition, as for the electromotive voltage of direct current voltage supply E1, only the 
predetermined electrical potential difference alpha (for example, 0.3 [V]) is low set up from the both- 
ends electrical potential difference Vf (for example, 0.7 [V]) at the time of ON of diode BD 1. That is, in 
a comparator CMP 1, since the electrical potential difference Va and threshold voltage VIN+Vf-alpha of 
the connection node a will be compared, the ON state of the body diode BD 1 can be detected certainly 
more quickly. 
[0017] 

The inversed input terminal (-) of a comparator CMP 2 is connected to the connection node a, and the 
non-inversed input terminal (+) is connected to the positive-electrode terminal of direct current voltage 
supply E2. The negative-electrode terminal of direct current voltage supply E2 is grounded. In addition, 
only the predetermined electrical potential difference alpha is highly set up rather than the electrical- 
potential-difference value to which the electromotive voltage of direct current voltage supply E2 
deducted the both-ends electrical potential difference Vf from the touch-down potential GND at the 
time of ON of diode BD 2. That is, in a comparator CMP 2, since an electrical potential difference Va will 
be compared with threshold voltage GND-VR-alpha, the ON state of the body diode BD 2 can be 
detected certainly more quickly. 
[0018] 

The output terminal of comparators CMP1 and CMP2 is connected to two input terminals of OR circuit 
OR 2, respectively. The output terminal of OR circuit OR 2 is connected to the set terminal (S) of a flip- 
flop SR 2 while connecting with one input terminal of OR circuit OR 3. The other input terminals of OR 
circuit OR 3 are connected to the output terminal of a one shot multivibrator OSV1, and the output 
terminal is connected to the set terminal (S) of a flip-flop SR 1. The output terminal (Q) of flip-flops 
SR1 and SR2 is connected to the gate of FETN1 and N2, respectively. 
[0019] 

Next, actuation of the FET driving gear 1 which consists of the above-mentioned configuration is 
explained. Drawing 2 is a timing chart which shows the voltage waveform in FET driving gear 1 each part, 
in addition, this Fig. (a) — both — a voltage waveform in case the coil current which flows at the time of 
coincidence OFF of FETN1 and N2 is the forward direction i1 (from touch-down to an output terminal) - 
- being shown — **** — this Fig. (b) — both — the voltage waveform in case the coil current which 
flows at the time of coincidence OFF of FETN1 and N2 is negative direction i2 (from an output terminal 
to power-source Rhine) is shown. 
[0020] 

When both a UVLO signal and an PWM signal are low level, flip-flops SR1 and SR2 are in the logic fixed 
condition by the reversal PWM signal and reversal UVLO signal (high-level [ both ]) which were inputted 
into each reset terminal (R). 
[0021] 

If the 1st pulse of an PWM signal starts after the current supply to the FET driving gear 1 will be in a 
steady state and a UVLO signal changes to enabling state (high-level), the output of AND circuit AND 1 
will become high-level, and a one shot multivibrator OSV1 will generate the single shot pulse for starting. 
Therefore, a flip-flop SR 1 sets an output signal HG high-level by making into a trigger the single shot 
pulse inputted into the set terminal (S) through OR circuit OR 3. At this time, after an output signal HG 
becomes high-level, only the ON time delay of an FET proper will be in FETN1, and it will be in an ON 
state. On the other hand, a flip-flop SR 2 is reset by the PWM signal (high-level) inputted into the reset 
terminal (R), and the output signal LG is maintained by the low level. Therefore, FETN2 serves as as 
[ OFF state ]. In addition, an electrical potential difference Va starts to input voltage VIN mostly by the 
above actuation. 
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[0022] 

After that, if an PWM signal falls to a low level, a flip-flop SR 1 will be reset by the reversal PWM signal 
(high-level) inputted into the reset terminal (R) through the inverter INV1, and the output signal HG will 
serve as a low level. Therefore, after an output signal HG serves as a low level, only a predetermined off 
time delay will be in FETN1, it will be in an OFF state, and FETN1 and N2 will be in a coincidence OFF 
state. 
[0023] 

If a coil current is the forward direction i1 at this time, since diode BD 2 will be in an ON state, from the 
touch-down potential GND, only the both-ends electrical potential difference Vf descends at the time of 
ON of diode, and an electrical potential difference Va is less than threshold voltage GND-Vf+alpha of a 
comparator CMP 2. Therefore, the output signal of a comparator CMP 2 becomes high-level. On the 
other hand, if a coil current is negative direction i2, since diode BD 1 will be in an ON state, rather than 
input voltage VIN, only the both-ends electrical potential difference Vf rises at the time of ON of diode 
BD 1, and an electrical potential difference Va exceeds threshold voltage VIN+Vf-alpha of a comparator 
CMP 1. Therefore, the output signal of a comparator CMP 1 becomes high-level. 
[0024] 

as mentioned above, the comparators CMP1 and CMP2 — if one of output signals becomes high-level, 
the output signal DiDET of OR circuit OR 2 will become high-level. Therefore, a flip-flop SR 2 sets an 
output signal LG high-level by making into a trigger the output signal DiDET inputted into the set 
terminal (S). At this time, after an output signal LG becomes high-level, only the ON time delay of an 
FET proper will be in FETN2, it will be in an ON state, and in response, an output signal DiDET stands on 
a low level, and returns. On the other hand, since a flip-flop SR 1 is in the logic fixed condition by the 
reversal PWM signal (high-level) inputted into the reset terminal (R), even if its output signal DiDET 
inputted into the set terminal is high-level, the output signal HG is maintained by the low level. 
Therefore, FETN1 serves as as [ OFF state ]. In addition, an electrical potential difference Va serves as 
touch-down potential mostly by the above actuation. 
[0025] 

After that, if an PWM signal starts high-level, a flip-flop SR 2 will be reset by the PWM signal (high- 
level) inputted into the reset terminal (R), and the output signal LG will serve as a low level. Therefore, 
after an output signal LG serves as a low level, only the off time delay of an FET proper will be in FETN2, 
it will be in an OFF state, and FETN1 and N2 will be in a coincidence OFF state. 
[0026] 

If a coil current is the forward direction i1 at this time, an electrical potential difference Va will be less 
than threshold voltage GND-Vf**alpha of a comparator CMP 2, and will be set to that output signal being 
high-level, if a coil current is negative direction i2, an electrical potential difference Va will exceed 
threshold voltage VIN+Vf^alpha of a comparator CMP 1, and that output signal will become high-level. 
Therefore, the output signal DiDET of OR circuit OR 2 becomes high-level, and a flip-flop SR 1 sets an 
output signal HG high-level by making into a trigger the output signal DiDET inputted into the set 
terminal (S). At this time, after an output signal HG becomes high-level, only the ON time delay of an 
FET proper will be in FETN1, it will be in an ON state, and in response, an output signal DiDET stands on 
a low level, and returns. On the other hand, since a flip-flop SR 2 is in the logic fixed condition by the 
PWM signal (high-level) inputted into the reset terminal (R), even if its output signal DiDET inputted into 
the set terminal is high-level, the output signal LG is maintained by the low level. Therefore, FETN2 
serves as as [ OFF state ]. In addition, an electrical potential difference Va turns into input voltage VIN 
mostly by the above actuation. Henceforth, the same actuation is repeated. 
[0027] 

thus, the FET driving gear 1 of this operation gestalt — coincidence "off" period generation of FETN1 
and N2 — facing — a predetermined dead time — beforehand — not setting up — both — it is the 
configuration of making FETN1 or N2 turning on to the timing which detected this ON state paying 
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attention to either of the diodes BD1 and BD2 being in an ON state at the time of coincidence OFF of 
FETN1 and N2. even if the spec, of FETN1 and N2 by which external connection is made by considering 
as such a configuration varies — certain — both — coincidence ON of FETN1 and N2 can be prevented, 
and it becomes possible to constitute a safe power source. 
[0028] 

Moreover, in the FET driving gear 1 of this operation gestalt, since the coincidence "off" period of 
FETN1 and N2 can be held down to necessary minimum, loss with the diodes BD1 and BD2 in this 
coincidence "off" period is reduced sharply, and it becomes possible to acquire the most efficient 
transfer characteristic according to FET used as the candidate for a drive. 
[0029] 

Furthermore, since the coincidence ON prevention function of FETN1 and N2 can be realized without 
depending in the direction of the coil current which flows at the time of both FET coincidence OFF if it 
is the FET driving gear 1 of this operation gestalt, it is applicable also to the DC to DC converter which 
performs current supply for the load of the specification which changes the direction of a coil current 
working. 
[0030] 

In addition, although the above-mentioned operation gestalt explained by mentioning as an example the 
case where the FET driving gear concerning this invention is applied to a synchronous detection mold 
DC to DC converter, the candidate for application of this invention is not limited to this, and can be 
widely applied to the driving gear at large which carries out switching control of the field-effect 
transistor of the pair by which the series connection was carried out among different 2 potentials as a 
switching device. 
[0031] 

Moreover, although the above-mentioned operation gestalt explained by mentioning as an example the 
case where FET used as the candidate for a drive is used [ both ] as an N channel, it cannot be 
overemphasized that it can be made to drive the optimal by the same principle also about the case 
where the configuration of this invention is not limited to this and one side or both are set to P channel 
FET. Moreover, each FET may be formed in the same semiconductor chip as an FET driving gear. 
[0032] 

In addition, although above-mentioned drawing 2 explained by illustrating only the case where a coil 
current is changed in the one direction each of positive/negative, when changing this coil current in 
positive/negative both directions, an electrical potential difference Va serves as a wave which combined 
drawing 2 (a) and (b). 
[0033] 

[Effect of the Invention] 

In the driving gear which carries out switching control of the field-effect transistor of the pair by which 
the series connection was carried out among 2 potentials from which the driving gear concerning this 
invention differs as a switching device as described above according to an input signal It has 
respectively the detection section which detects ON/OFF state of the body diode which accompanies 
said field-effect transistor respectively. After detecting that either of these body diodes would be in the 
ON state, it is considering as the configuration which controls the ON state of the field-effect transistor 
of said pair to become an output corresponding to said input signal. It becomes possible to prevent 
coincidence ON of both switching devices certainly, without depending on the property and class of 
component by considering as such a configuration. 
[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing 1 operation gestalt of the synchronous detection mold DC 
to DC converter carrying the FET driving gear concerning this invention. 

[Drawing 2] It is the timing chart which shows the voltage waveform in FET driving gear 1 each part. 
[Description of Notations] 
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1 FET Driving Gear 

SR1, SR2 SR flip-flop 

CMP1, CMP2 Comparator 

E1 t E2 Direct current voltage supply 

INV1, INV2 Inverter 

OSV1 One shot multivibrator 

AND1 AND circuit 

OR1, OR2, OR3 OR circuit 

N1, N2 N-channel metal oxide semiconductor field-effect transistor (FET) 

BD1, BD2 Body diode 

L1 Coil 

C1 Capacitor 



[Translation done.] 
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[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing 1 operation gestalt of the synchronous detection mold DC 
to DC converter carrying the FET driving gear concerning this invention. 

[Drawing 2] It is the timing chart which shows the voltage waveform in FET driving gear 1 each part. 

[Description of Notations] 

1 FET Driving Gear 

SR1, SR2 SR flip-flop 

CMP1, CMP2 Comparator 

E1, E2 Direct current voltage supply 

INV1, INV2 Inverter 

OSV1 One shot multivibrator 

AND1 AND circuit 

OR1, OR2, OR3 OR circuit 

N1 f N2 N-channel metal oxide semiconductor field-effect transistor (FET) 

BD1, BD2 Body diode 

L1 Coil 

C1 Capacitor 
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L#>Lft#6>> ilElfci^A IT, A2TSr$gfflUfcFET|g»^gl*, FETWty 

HFETWraWF^VSraSteS&iti-Stett:, B»»* t 4 5 F E T «teH4WHBR 
«5r=rf fc>*a«ft bftVN t 9 ^® S:* br v>fe 0 # » B id » * * 5 * # F E T f * 5 » 40 
(^clSDC/DC ^y/'!- ; ?-.<oaffis$/j:if) k , ^roi^ttt^SltfJIi^o^ 

# f ETieigt»»*iisnfc i c<o(ibot ir^^K&sfcbTvafcut). p] u# 7 uf 
ffl * # ft ^ - i> ^ £ tt*D * 5 & » -?\ M $ ^ W {& T # « A> K T V> it 0 

[ 0 0 0 6 ] 

Sfc. ilEl/fc»*A3T, A4T5rSfflLfcFETS»igfli < ^-r-ffiEU:S<5^T 
FETcD^-V/^-7^SSr^*q-r^«^T-fo5fcJ6, F ETO*V/t7lj|IIH ( *f - 

1", y-h«BESr^e-^LT^-5lc:'b*«J^b-r. 8^ F E T Sirf ®4 ^HR^&ff bJa 
lf4biv^^9SSS:tLt^fc„ ft*S, ± m * ^/ * 7 &SP#IH »2 F E T % \z ;*: $ < 
fcf <b o < fc A , *ro*^«/*«ieW: — «fc0*;&ffi-ettft<AS!fia ( ft * fit ) <£> i £ *X 3 50 
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0 *<Bfc«>. R*^***IBte*<Sv*TW**:7l*n«:RjfcbTt>, £SRteB:ggife«i**> 
{ST^ffl^HTV^I&^tfoofCo 00 x. tf * *II 2 0 0 [ n s ] [:>1ltSSl30 [ 
ns] tfeofct^, 170 [ n s ] t <E> Fifl , HF E TtfjUkCBIB**^ S ftT^fc, 

[ 0 0 0 7 ] • 

$ h te s ±iEA4VO«j*&»/BbfcFETlRtt36«tt:, WFETB«f*7l*l:81l53 

yfttlfcftota^A'B^tE^Aa^ffittiSKBJttv^tL* 5fc», * » K « IB b 4 
v ^ £ i ^ ttv^fco *<Dtz.tb, 9hYf * te = ^©Sffi o ^ ft £ §j 9 # x. 5 tt«t <£> A 

W (tllE^Jf I C^DDR-SDRAM [Doub 1 e Da ta Ra te - 10 
Synchronous Dynamic Rand o.m Access Memory 

1 ft Z ) ^tSftlJtffjDC/DCay^-^lEliidltSCt^tSi^ofc. 
[ 0 0 0 8 ] 

iE^WiAi:!*, *T©#tt^MCft6:tft<, *5S te F E T o IB WP 
[ 0 0 0 9] 

[^JSSr»^:i-Sfc*O^S] 

±1B B WSrfcjfci-* ft te* *»9lte« 5 KtbStKtt* i tT*45 2ltt 

m^syijsfjKsnfc — b 7> f ^^**rA*«#fcjcii'c^>f * ^ ^ ^ m m -t 

/^:7#f®&^^^5^&SB£&**b, SSzKt* -f ^ >f * — K©^f i/Wiffi t ft 

ofcC 4:Sr*ftibT**bmiaA*«#fc»«?bfcHi*i:ft5 «t 5 IdWIB — h 
9^^^#(0*^*«8Sr«y»-r5*riifc b T 5 . 

[0010] 

[3SW<7>3ilfe 

El 1 M: * 3B W te « * F ETffiifiS£BS:»«febfclRl»i»aESD C/D C =■ ^/<-^co — SUE 
01BS:*i-lH]KB|-efc5 o *^»Wo^»l«SD C/D C ^ 

t 2 tttM ( A flfii V I N • ftttlftGND 

IB ) l:IJil8!ilJtifc-»ONf t^^MOSlJfafth7^^^#Nl, N2 (»T, 
FETN1, N 2 <h ) $:#IT^!), FETN1, N 2 O g£Jg£ / — K fe L C 7 >f ^ 30 

* (3>f/UL lSt/^yf^tC 1) Sr^bTB»fa<Offi*«JEVOUTSr?#5ElgS-Cfc5 

o 

[0011] 

FETNl^y-^ttt«?>f yl:»«Jfht*3 5, FETN2^K^^yttgt6$ftT 
FETN KU>f^i FETN 2 ^y-^ttSlM: £ *x T *5 9 , <D $E / 

-Kaft3>f;Hl©-*i:*KSftT^5 0 a^Oi'L ttU;fi*^te«tt£ix5 
— * , ^7ytCU^ltS«^Ti^o ft *5 , FETN1, N 2 <D y - * • K U 
>- M ( * BR te y * y - h • K u >f v M ) te I* . B/tw*[^] t^r KBD 
1, BD2 (J£*T\ ^>ft-KBDh BD2£P*-£) *WtBltV^ e 
[0012] 

FETN1, N2©^-fyf ^^9J»Sff 5FETttft8iltt> PfFETNl. N 2 <£> 
R«f*7ft^^>f KBD 1 , BD 2^^f jx^ ( = -Y^HJK:*FlP]te##) ^>^>^^^ 

£ft5r.<*:tei»Bb, *ty*»S:»j3iLtN ^^-(?F ETN 1 , N2©V^fii^- 

[0013] 

a^^te-S-9 t , **tt»»OFETBtt«f 111, V ir 5/ H5t^SR7D ^^^n $, 
:/ S R 1 , S R 2 £ , - * C M P 1 , CMP2 (^HJKJgffittfc^T 1 !;^**:^ 

t^^^f-K^y^i/- * ) £ > a SE ® JE E 1 , E2i, *INV1, I 

N V 2 £ , !7^> 3 y h/W^U-^OSVlt, f^lglDKAND 1 <!r , f^SfPlHlSSO 
R 1 . OR2, OR3i, £ b T 3 <, 
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10 0 14] 

FETN1, N2iiHt5fcft©PWM [Pulse Width Modulati 
on] ^- a* AD £ 5 P W M A 71 4£ ^ 14 , lNVl*-frVX7»vZf7uy 
rSRlWUty (R) K: » « 3 ft S — * , f^SWlHlSSANDlirSfeSfnlHlKOR 

[0015] 

ISS^IeISSAND 1 WteA^ffi^-li, 46; tt EE S# <D HI » f£ £ g£ ih "T 5 tz#><D\J V L O [Un 
der Voltage L o c kOu t] l^^MUilJUVLOAAStl^SJ 
*V T -5 » SlflElKAND 1 (OtUAS^Il^ ^^v'gyh^-l'yu — ^OSVlOAi 
#8^ ^TV^5, £ 7c , UVLOA^ffi^t*. -fV/-!-^ I NV2iS:^ttifel?P 10 

EIB&ORlC3teAaia ; ?-fc*tt&iX-CV*5. ?^SIfn|H]^ORl(DttJ^ffi^-|4, 7^y^7 
B^SR2«)JtyHf (R) te«tt£*iT^a. 
[0016] 

^CMPIO^RIGA;**-?- ( + ) ft N ^j^/-KalC«^$tiT*3<3, Sfe 
A^ffi^F (-) »4, iff iift HI EE i® E 1 WjE^ffi J ? 1 {c^iK^ttTV'>S<, SS1ESE 
#3^14, tl71 , ^l^«Jtlt^?,o S»ftllEE«El<Djg«JEl*, y-r^--KB 

DirotyiMffitffV f ( « *. tf 0 . 7 [V] ) 4 <? ffifemK. a ( M *. If 0 . 3 [V] 
) ^»t<S<K:*$iXTV>S 0 i" & :b *> , ay/^-iS'CMP ITU, BftZ-KaOtE 
Va tggfil:mjaEvlN + Vf-ai:A5M:ef$n-5riJr/ < e5<DT-, ifif^/'ft-KBD 

[0017] 

ny/<U-^CMP2©SteAAigf (-) I*, g^Z-Kafcia^XJo!), ^ £ IE 
ATJffi^F- (+) »4, ISIEESE 2WjEfifi^l:iK$iltV^ 5 iff % fl BE M E 2 <D & ffi 

KBD20*^»MilEV f «:SiL3l^fc«£E4tJ:9 i>ffi7EW.E. a 7c - Jt iiS < S£ « $ HX 
^5. -T ft fc> *> , ^y^iz-KMPat-lt tEVa tg3tttffiGND-V f + «i^5 
JfcftSn5Cii:65o-C, ^f^y^ t - K B D 2 t yttlSr J: 9 S < tUC^ai f 
t 5 i jfc/iotv^. 

[0018] 

^V^U-KMP 1 . CMP 2 <7? UJ 71 SSI »4 , ffeS|PlHl?gOR2(7?-A^iffi J F-{-^n-e 30 
HSgJUt^S. I^SfPlHlKOR2<Da^ffl^l*, *«fdE]*OR3<0 — A^MI^-lc!* 
£ *L 5 — ?5 , 7yj/7"7Py7'SR2fflts/hS^ (S) t § t V>5 . Sfe S ft 

Is]SSOR3WftfeA^4S^tt. 7>-v-3 y h^-T:7*u-*OSV 1 WtB^iSS^[r»igg$nT 
*5 9 , liiA«!?ll7y y7 , 7ay7"SRlWty hiS? (S) tftiiJ^TV^. 7 V y 
77nyysRl, S R 2roffi73« ; f- (Q) (4 . FETN1, N 2 <D ■? — V \Z t ft ? ftfe 

[0019] 

±IE«^^b^?>FETIIIi«f 1 <D»flFto^t!SBJt5 0 I32I4FETIES!iS 
ai : &$M-*3(t?.«£E&^Sr*i-^-l'5^^ 1 f--r-hT**>So 4 » , * El (a) f4 , BF 
ETN1, N2<D|Rl«F^-7^^«Etl,'5='^/W«SfE*5iE*(tai 1 («ife*^ffi7J4ST-) T*fo 40 
•5^-^<Dfl;iE&^Sr^bT*3t), #121 (b) 14, RFETN1, W 2. <D W\#f ■* 7 &f\^'-faK 

5 o 

[ 0 0 2 0 ] 

UVLOfi^SVPWMll^Ait t,tc:D-U-</i'-CfcSS-&. 7 y ;/ 7 a y/SR 1 . 
S R 2 14 , # y ± y h iS^f (R) KAi $ixfc£6P WMltSVSEU V L Ofif (t 
t> tc y( u ) icfcattSHftUitt-Cfca. 
[ 0 0 2 1 ] 

F ETffilSil'- Wilft^iSS^tii^oTU VLOfltAS'f^-y/^ffi ( / W 
u-^/u) K il L fc t£ K , P W M m ^ <£> fj? l * # & *> _b # 5 t , f&JSSdHlSSANDl 50 
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<D tii t) ft /n «{ is ^ JU t ft 9 , !7 V > 3 y h^^^u-^OSVl i* jB tb M V V a * h 
/l' * £ £ "T 5 e ffiot, 7 n y y S R 1 It fSISlBl S O R 3 5r ^ L T t h 

ffiT- (S) fcA»**lfc!7V J /a y h/^^tr hy^fclt, til* fit HG «:^>f 

Kty Fti, ^ <7> i £ , FETN 1 «*g^HG^/N/f i o t ^ b F E T 

m & <d * ^mm^mtdrtmnx * >&f& t z> o — * , 79 y^7nyysR2ii, y -t 

y HB? (R) tAASftfcPWMflf ( /n *f /u) Kiot !l t y ^ O ffi * 

©^■LG^o-U"</H:«U#*tl5. tSoT, FETN2ttt7)Kffi(OSSt45, ft *5 
, #_b*>»«steJ:D, «EV a ttllffAAlEV I NS-Cifel^S, 
[ 0 0 2 2 ] 

MNVlt^lTJty ( R ) HA^ JlifcRtePWlvHf ^ ( ✓ W U"< ) \z X 

TNI. N2l*[^B#*:7#i®£ft5o 
[ 0 0 2 3 ] 

^<D t t , 3^/u«aE* s iE*lfi3il-efcittf, ^^*-KBD2^ty«»i45fcft, 

U-^ CMP 2 (^BIIIEGND- V f+a^TS^e tot, =1 V U — ^CMP2<7? 

l^*^tt*Birft*fcft, «flEVa#A*«EEV I N±9 t^^t-KBD 1 <7? V B# ffi 20 
StBEV f S(t±# tt, a ^ U — ^ C M P 1 OiffilffV I N + V f - a S: ± HI 5 • 
fif o n ^y<U— ? CMP 1 <D ffl * ft # fi ^ >f l^^/^i^ 

[ 0 0 2 4 ] 

_h IE (£> £ 5 H x = a* U — * C M P 1 , CMP 2i^ftlJ5^ffl*tt^/J^W l/^/M:4 5 
i , ttlftEIKOR 2 0fflA(ltD i DET^/N/f l/^;i/tft5 0 fifoT, 7!)y^7o 
>>^SR2ft, * y h » ^ (S) HA^^fcffl^fl^D iDETJrb^^lt> tib * 
fit LGSr^-f l/^/Ult 5/ ht5 0 ^<75^^. FETN2ft. ffi^flf L G ^/n^ l/^< 
/i/t ftot^bFETlt<o*yi|g«fWtflj-I^t*yjR(li: 4 0 , r.jxSrS«t"CU* 
IHDiDETIin-^/Hi4tg5, — 7 9 y^7n ^ S R 1 It y ± y Y W 
-7- (R) I^A^^^fcSfiPWMff f ( ^ U ^< /u ) Hi 5taii«ttffi^fc5fcfe, ir 30 
7 hSfCAAJtlfclllAfSf D i DET^A^U^/K^ott, tOlliJfitHGIl 
a-l/^/H:»8^5o «ot, FETNlf*^:7^f®0£3;£ft5o ft *S . «±OtS 
flsfc <fc !)1EV a filiff*»«tti:45, 
[ 0 0 2 5 ] 

^<^||:, PWMfif /Ji^^f U^/H:a*>1^5fc, ^yy^7n>>'7 p SR2ft N yiry 
h #S 7- (R) HA* ^tbt P WMff t ( ✓ W W< >^ ) tioTJty hSft, * fcti * « 
^LG^D-l/^;Ui:45o fi£ o T , FETN2lt Hj*{f^LG7&*u — U-</U£ftoT 
?5^F ET@t^t7lj8P$r B 1f:ltinTt7«it4 9, FETN1. N 2 flJ] B# * 7 

#t fig t ft 5 o 

[ 0 0 2 6] 40 

r <D t # , = -*f/uS8E;*SjE#[pJi 1 t?fcHtf, lEVa^^y^i/^-^CMP 2(^)^11 
EEGND-Vf+aSrTlHloT. ^<DM*fg^7*WWU^/u£ft!9. a^/u®^^,^^-^ 
i 2T-fo^Uif, iEVa^ay^U-^CMP l^HtlffV I N + V f - a Ji0o t 
, ^ (D ft * {f ^ >f u ^ £ ft 5 Q tfcoT, ^lfD(5]SOR2^t±lAlf§D i DET^ 
/N^i/^;i/i4!l, yVy^yuy^sRltii. ir y h ig * (S) 

DiDETJrHi^Ht, ffi Afi^H G Sr^^f l/^</H:t 5/ ht5, ^<^t#. FET 
Nlft, ffl^fif-HG^^^ U^yut 4oT^bFETlt^ty®ffi«f&1gltii}Xtt 
y^it49, HitrglttfflAfitD i DETIlB-u^/H:a%H5. — * > 79y 
^7n 5 /7 p SR2ft. y -fe * h Ml (R) t A A S lift P WMflf ( ' W U"< ) C i S 
!Sli)l«itfc5t6, "fey h tt K A * £ ft fc til * ft D i D E T ifi ^ 4 U /U "C 50 
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o"Ct), * (O ffi J} ft % L G o — U -< IV \Z m ¥i £ ft 3 . fi£ o T , FETN2tt;*-:7:|£fig£> 
£ * t ft 5 . ft K±«?»f^fcJ:9, IffV a ttliliA^tffV I Ni/i5. P3= , ID 

[ 0 0 2 7 ] * 

£ «> J: 3 IZ . #281fc»ffi<DFETKtt36ltltt» FETN1, N 2 ©^l^t7if B 14^l: 
^LtjlfSOfy K^^^?rf *^£LT33< rotM44< , SFETN1, N 2 W ID * 
7^ll/^t- KBD 1 « B D 2 ©V^f n* s iJ^>ttl i * 5 : i l:f 

i54*iiit5:il:J:!), ^StSS^nSFETN 1 , N2©^^^))itf5,o^t 
t> , SIHICMF ETN 1 « N2(73|?lNf^-VSrl»Ih-r5ri:^T-#, S^^«2SSrfllfi6;-rS 10 
r t a* *T IB t ft 5 „ 
[ 0 0 2 8 ] 

* fc , *^ftf ffiWF E TIBgl 1 -eti, FETN1, N 2©HSft7«IWS:!ailt'> 
PSI:fpx.5:ti:t*#? 1 rof 1 ^Rt#7lFIC feltS t - KBD 1, BD2"eofi 

•51 fg i: * 3 „ 

[ 0 0 2 9 ] 

£ b K , *HJSf®<OFETil!igflX-Sj^li, ffiFETffl&*71$\z.m*l : £>=><4'i'M 
Iro^lSlCiSrt/^^ F E T N 1 , N 2 (Dm&f * ±mf&* Z> Z b tfX' 2 Z> 

S)#tta^/Hiro*|Si$r9l!9f iSftSwAf i:tI«ife4tT5DC/DC3 20 
>- — ^ ir t, jg ffl *5 bj T* & S o 

[ 0 0 3 0 ] 

ft *5 , ±IES6*»«-CB:» *36?inJ:«SFETtttb»lI«:raJII!»«ESDC/DC=i>'/<-- 
o f li ft < „ ;* yflfi 2 «(fc M M *& *fc £ *x - *t © « * 8) * 

[ 0 0 3 1 ] 

* it , ±IEHJS^®-eiL IEtb^&£ft5FET£riM:7J.tfcN^^^wu£Lfc#^&0in:: 
^ ff T K 3U £ =ff o fc *s , toftt*< , - * A !± p? * 

^pf ^^FETHfci^i^o^n, mm<n f%m-?&&\zmW} £ z> r t a? -t? # 5 30 

[ 0 0 3 2 ] 

fx o # , /l/ *8Ej6«3E:flW*rtl tffVali, B2 (a) , (b) 

£ 0F -tt fc J: 5 ft M £ ft 5 . 

[ 0 0 3 3 ] 

I % W (O %} * 1 

_h IE L ifi 9 , #38 9! K « 5 SB Ws m B » * -Y y III * t L T S ft i 2 Ht£ ffl fc W. W mm 
Ztlfr-tt<DW.R$hm h y ^ V * * * Kt>m?r\ZfcVX * 4 y ^ ^ ;/ #J flp i" 5 SB ») « K 40 

jjv^t, as ib m # # * v ? ^ v * * & * wmir 4 ^ ^ * — Kw^-^/*7^ei& 

*QLT^^*fIIEA7Jm^^^^bfcffi7Ji:ft5<t 9(-«tIIE-^WlS#^)* h 7 >- v> * * <S> 
^^#li§£ftj«1-5*SE)c.!:bT^5 0 : ro l 5 t 5 : i ia !) , m =f- <o m tt= *I 

S K ft 5 i i ft < , )S^I:PI^-l' s/^^^-rolD^^-^^ES±i-5rt^^jtltft?)o 
[ El M w ffi m ft Sft W 1 

im 1 ] F ETSilf 5:^«tfcPl»ISlDC/DC ^y^-^w-^ 

[ U 2 ] F E T IE ft ^ B 1 & SHr fcMj 3 « £E & 7£ £ tj* 1" * 5>-^^^r - ht*5. 

[ flF ■!§■«>» HI 50 
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i f e t m tb m n 

SRI, SR2 SR79 y^7oy^ 

CMP1.CMP2 = > /<\s*-9 

E1.E2 IS 85 IS JESS 4 • 

I N V 1 , INV2 4 > — 9 

OSV1 P^S/gyh'W^l' — 9 

A N D 1 f^S^(ElS& 

OR1, OR2, OR3 fft 3 ft [£] & 

N 1 . N2 Nft*^MO S tff«l* h?^^^^ (FET) 

BD1,BD2^^^^^^-^K 10 
LI a -f yu 

CI = >"r >^ 
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